Background/Aims: To evaluate the accessibility, usability, reliability and readability of Internet information regarding transrectal ultrasound (TRUS) guided biopsy of the prostate. Materials and Methods: The terms "prostate biopsy", "TRUS biopsy" and "transrectal ultrasound guided biopsy of the prostate" were separately entered into the each of the top 5 most accessed Internet search engines. Websites were evaluated for accessibility, usability and reliability using the LIDA tool -a validated tool for the assessment of health related websites. Website readability was assessed using the Flesch Reading Ease Score and the Flesch Kincaid Grade Level. Results: Following the application of exclusion criteria, 82 unique websites were analyzed. There was a significant difference in scores depending on authorship categories (p ≤ 0.001), with health related charity websites scoring highest (mean 122.29 ± 13.98) and non-academic affiliated institution websites scoring lowest (mean 87 ± 19.76). The presence of advertisements on a website was associated with a lower mean overall LIDA tool score (p = 0.024). Only a single website adhered to the National Institutes for Health recommendations on readability. Conclusions: This study demonstrates variability in the quality of information avail- 
Introduction
With the exponential growth of the Internet, there is an abundance of freely accessible health related information available to the general public. This has resulted in a transformation of the medical information landscape [1] . Patients are now more informed about their medical condition and available treatment options through online self-education. A recent survey observed that 59% of American adults had utilized the Internet in search of health information in the previous year [2] .
Ideally the Internet would provide patients access to current and reliable information that is easy to read and comprehend. However, the majority of the content freely available is unregulated and with no peer review. Recent studies have raised concerns regarding both the quality and readability of online information regarding common medical conditions and treatments [3] [4] [5] . Unfortunately, it has been shown that 86% of users believed the online health information they read [6] . The information availCurr Urol 2014;8:32-37
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able to patients online has been shown to influence their perception of medical conditions and affect their treatment decisions [7, 8] . It is important for physicians to be aware of this online information, in order to be able to understand patients' possible misinformation and confusion regarding a medical condition. If physicians are unaware or fail to acknowledge this, they risk alienating patients as a result [9] . We believe that the Internet should be utilized effectively to educate patients. However, direction to suitable and verified websites with regulated information is required [10] . The transrectal approach for prostate biopsy was first described in 1937 [11] and today Transrectal ultrasound (TRUS) guided biopsy of the prostate is a commonly used method to diagnose prostate cancer [12] . Over 1 million TRUS biopsies are estimated to be performed annually in the United States of America (USA) [13] . A TRUS biopsy is carried out by an urologist or radiologist as an outpatient procedure. The main complications include urosepsis, hematuria, hematospermia, and hematocheiza [14] .
The aim of this study was to evaluate the accessibility, usability, reliability and readability of websites available to patients regarding TRUS biopsy of the prostate.
Materials and Methods
The 5 most commonly used search engines in the United States of America (USA) and the United Kingdom (UK) were identified [15, 16] -Google, Bing, Yahoo, Ask and AOL. We performed 3 separate searches on each of these search engines, using the terms: "prostate biopsy", "TRUS biopsy" and "transrectal ultrasound guided biopsy of the prostate". These terms of varied elaboration and complexity were chosen to reflect most common and accepted language among patients, with the aim to maximise search results. No advanced search settings were utilised. The first 20 websites from each search was selected for analysis. This limit was chosen as evidence suggests that users rarely look beyond the first page of search engine results, which contains 10 websites [17] . Searches were performed on the 27th of May 2013. Websites that were duplicates, irrelevant, inaccessible or not primarily text-based (e.g. www.youtube.com) were excluded.
Website authorship was independently determined by 2 authors (CR and GN). The websites were categorized as being produced by an academic institution, a health related charity, a government agency, a non-academic affiliated institution, a media source, a health information website or other. The country of origin of each website and the presence or absence of advertisements was also noted.
Quality Assessment
Quality assessment was performed using the Minervation Validation Instrument for Health Care Websites (LIDA tool). The LIDA tool is a validated instrument produced by Minnervation [18] , an Oxford (UK) based company that offer consultancy services to improve the quality of healthcare websites. The LIDA tool has been used to assess the quality of websites on various subjects including coronary angioplasty [19] , colorectal cancer [20] , and uterine artery embolization [21] . It consists of a 41-point inspection that score websites across 3 domains; accessibility (0-60), usability (0-54), and reliability (0-51) with the addition of an overall score. Each site was assigned a total score (0-165), which was the sum of the score in each of the domains. A score >90% was suggestive of a good result, while scores <50% represent poor results. Scoring is on a 4-point scale (0 = never, 1 = sometimes, 2 = mostly, 3 = always).
The criteria of the aforementioned instrument are as follows: 1) Accessibilty: "Is the website's content accessible to consumers, including those with disabilities"? The LIDA tool checks the website's compliance with legal accessibility standards. This section is performed using the online component of the tool. In addition, access to each individual websites was tested across a variety of operating systems (Windows and Macintosh) and browsers (Microsoft Internet explorer, Mozilla Firefox and Apple Safari). 2) Usability: "Can the user find the information they need?" This section of the tool assesses website clarity, functionality and consistency. Points are allocated for provision of an effective search facility, interactivity and integration of non-textual media. 3) Reliability: "Does the site provide comprehensive, relevant and unbiased information?" This section of the tool assesses the websites' conflicts of interest, content production and output of content. Points are allocated for frequent content update, reference to original sources of information and consistency with current best practice.
Website Certification
Websites were examined for the presence or absence of 2 commonly used website certificates; The Health on the Net Foundation Code of Conduct (HONCode) and The Information Standard. The HONCode is issued by The Health on the Net Foundation [22], a United Nations approved agency. The Information Standard is a certification scheme commissioned by the English National Health Service [23] . These certificates are awarded to websites that meet required standards of health information reliability.
Readability Assessment
Readability refers to the ease at which text can be read and understood. Readability was assessed using 2 validated readability tools -the Flesch Reading Ease Score (FRES) and the Flesch Kincaid Grade Level (FK Grade Level) [24] , which is a validated tool recommended by the National Institutes for Health [25] . The FRES is calculated based on the total words, syllables and sentences of a written passage. The formula generates a readability score 0-100, with higher scores indicating increased ease of reading and lower scores indicating more difficult text. The FK Grade Level scores text based on the number of words per sentence and the number of syllables per word. It generates a USA school grade level (up to grade 12) at which full comprehension of the text would be expected and is inversely proportional to the FRES. The National Institute for Health recommends an FK Grade level of 6-7 for Health Materials [25] . The first 200 words of the main text from each website were copied into Microsoft Word (Microsoft Word 2008 for MacOSX; Microsoft, Redmond, WA). The text Redmond/Nason/Kelly/McMahon/ Cantwell/Quinlan was removed of formatting to ensure accurate readability analysis. The FK grade level was calculated using the spelling and grammar tool in Microsoft Word. This is consistent with practices described in previous studies [4, 26] .
Statistical analysis was performed using GraphPad Prism Version 6.0 ® (California, USA). ANOVA and unpaired student's t-test were used where appropriate. A p-value <0.05 was deemed statistically significant.
Results
The search yielded 300 websites. Of these, 171 websites were duplicates and were thus excluded. A further 47 websites were excluded as they were irrelevant, inaccessible or not primarily text-based. A total of 82 websites underwent analysis ( fig. 1 ). The websites were categorized according to their declared authorship. Twenty-nine (35.4%) websites were produced by academic institutions, 16 (19.5%) by a non-academic institution, 10 (12.2%) by health information websites, 8 (9.8%) by health related charities, 7 (8.5%) by governmental agencies, 7 (8.5%) by media sources and 5 (6.1%) were other ( fig. 2) . Forty-two (51.2%) were produced in the USA, 21 (25.6%) in the UK, 9 (11%) in Australia, 3 (3.7%) in Canada, 1 (1.2%) each in Bosnia and Herzegovina, Columbia, Hong Kong, India, Europe and 2 (2.4%) were other. Twenty-one (25.6%) of the websites had advertisements present on their homepage.
Website Certification Nine (11%) of the websites were HONCode certified. Five (6.1%) of the websites displayed The Information Standard.
LIDA Tool
The mean overall LIDA tool score was 109.43 ±19.53 (range: 33-144). There was a significant difference in total mean scores depending on declared authorship categories (p ≤ 0.001), with health related charity websites scoring highest (mean 122.29 ± 13.98) and non-academic affiliated institution websites scoring lowest (mean 87 ± 19.76). Concerning each individual facet of the LIDA tool, the mean overall accessibility score was 50.71 ± 8.75. There was no difference regarding accessibility (p = 0.372) between the categories. The mean overall usability score was 33.78 ± 6.04, with a significant difference according to authorship (p < 0.001), with health related charity websites scoring highest (mean 39.75 ±3.81) and non-academic affiliated institution websites scoring lowest (mean 27.75 ± 4.99). The mean overall reliability score was 24.92 ± 10.1, with a significant difference regarding authorship (p < 0.001), with government agency websites scoring highest (mean 34.14 ± 7.95) and non-academic affiliated institution websites scoring lowest (mean 12.44 ± 3.85). The individual scores are listed in table 1 and the top 10 ranking websites are listed in table 2.
Flesch Readability Score
The mean overall FRES was 42.45 ± 18.92. There was no difference in reading score according to authorship (p = 0.672). The mean overall FK Grade Level was 10.57 ± 1.69 ( fig. 3) , with no difference in FK Grade level according to authorship (p = 0.698).
The presence of advertisements on a website was associated with a lower mean overall LIDA tool score (102.31 ± 22.6 vs. 112.73 ± 17.16, p = 0.024). There was no difference with respect to FRES score or FK Grade level (p = 0.59 and 0.54, respectively). There was no difference in overall LIDA tool score, FRES or FK Grade level with the presence of the HONCode or The Information Standard on a website (p = 0.74, 0.91 and 0.41, respectively).
Discussion
The Internet provides a vast source of freely accessible information to patients. The usage of the Internet continues to grow exponentially. The emergence of the Internet with its accessibility has fundamentally changed interaction with patients. The emergence of the "self-educated" patient resulted in a new dynamic to the doctor-patient The only previously reported evaluation of TRUS biopsy information was done by Shergill et al. [28] in 2010. Their study specifically evaluated the quality of information in patient leaflets in the North Thames region in the UK, concluding that vital information was lacking. There have however been numerous studies evaluating urology related information websites. Wong et al. [29] evaluated a sample of urological websites based in the USA. They found the reliability of the online information to be poor, with a need for significant improvement from the urology profession. Given the growing debate regarding the role of transperineal prostate biopsy and the role of imaging prior to TRUS biopsy, it is paramount that patients' are appropriately and accurately informed prior to undergoing a TRUS biopsy.
Our study revealed a wide variance in quality of information pertaining to TRUS biopsies. Health related charity websites were of the highest overall quality. However, governmental websites scored highest in reliability. The highest ranking website in respect to quality was one of a UK Governmental Agency. The non-academic affiliated institution's websites were found to have the lowest quality. These largely consisted of private urology clinic websites. In addition, these websites scored particularly poorly in reliability, with information that was often outdated, lacking references and with no stated editorial policy. Furthermore, the presence of advertisements on any website was further predictive of poor quality.
Numerous studies have observed poor information quality in commercially orientated websites, [4, 5, 8] . Our study also observes such an association. The low volume (17%) of websites that had achieved website certification (HONCode and/or The Information Standard) is concerning. While we did not find a significant association between quality scoring and website certification, it was noted that a high proportion of the top ranking websites had certification.
All website authorship categories scored poorly in readability, with no significant difference between the authorship categories or with website certification. Only a single website adhered to the National Institutes for Health recommendations on readability [25] . This finding is of critical importance, as if information is not comprehendible it will not provide any benefit to patients and may instead perpetuate confusion about TRUS biopsies.
"Search engine optimization" has become an important process for websites to obtain a favorable position in search engine results. The quality of content is not a prioritized factor in this process. Nevertheless, in our study 75% of the websites that scored highest in quality appeared in the first page of at least one of the search engines. A new website quality assessment tool has been proposed by Dunne et al. [30] , in which an assessment score has a correlation with ranking in Google Engine Results Pages. This may aide in the design of a medical or health information websites which are of good quality and highly ranked by search engines.
This study outlines several implications on the future direction of clinical practice. A key recommendation made in the study by Pautler et al. in 2001 , was that physicians should acquaint themselves with good quality websites that they are comfortable recommending to patients. This recommendation has been echoed in other studies evaluating the Internet information on a variety of common urological conditions and procedures [8, 31] . We report an anonymized list of the websites that scored highest in this study and their associated characteristics. Many websites analyzed contained quality useful information however required lengthy website navigation to access this information. As a result of awkward website design the appropriate information may be masked from the user. Future websites should marry accurate, up to date information at a level appropriate to the target audience with astute website design in an effort to develop useful accessible information for the patient. Pautler et al. also proposed that the medical community act as an "auditing mechanism" to ensure reliability of medical websites. We feel this recommendation still holds true today. It is therefore disappointing to observe that the websites that scored poorest in terms of accessibility, usability and reliability were websites of non-academic, private urological institutions.
The "Internet era" is well and truly upon us and will continue to bear significance on the quality and delivery of patient care. It is therefore of the utmost importance that physicians engage with the internet and act responsibly as custodians for medical websites.
The present study has a number of limitations that are consistent with previously published Internet based studies. The Internet is a dynamic evolving source of information and therefore content changes rapidly. This study is a static depiction of the current available information on the Internet. However, it reflects both the potential benefit and vulnerability that it poses to healthcare of today and the future.
In conclusion, this study demonstrates variability in the quality of information available to Internet users regarding TRUS biopsies. Readability of the websites examined was poor. In the modern era of accessibility to a vast array of uncensored information, physicians must be conscious of patients having distorted views relating to medical procedures. The ideal website will merge high quality, readable and easily accessible information, with responsible input from physicians. 
